Central administration of neuropeptide Y reduces alpha-melanocyte-stimulating hormone-induced cyclic adenosine 5'-monophosphate response element binding protein (CREB) phosphorylation in pro-thyrotropin-releasing hormone neurons and increases CREB phosphorylation in corticotropin-releasing hormone neurons in the hypothalamic paraventricular nucleus.
Neuropeptide Y (NPY) has a potent inhibitory effect on TRH gene expression in the paraventricular nucleus (PVN) and contributes to the fall in circulating thyroid hormone levels during fasting mediated by a reduction in serum leptin levels. Because alpha-MSH activates the TRH gene by increasing the phosphorylation of CREB in the nucleus of these neurons, we raised the possibility that at least one of the mechanisms by which NPY reduces TRH mRNA in hypophysiotropic neurons is by antagonizing the ability of alpha-MSH to phosphorylate CREB. As NPY increases CRH mRNA in the hypothalamus, we further determined whether intracerebroventricular (i.c.v.) administration of NPY regulates the phosphorylation of CREB in hypophysiotropic CRH neurons. NPY [10 micro g in artificial CSF (aCSF)] was administered into the lateral ventricle i.c.v. 30 min before the i.c.v. administration of aCSF or alpha-MSH (10 micro g in aCSF), the latter in a dose previously demonstrated to increase proTRH mRNA and phosphorylate CREB in TRH neurons. By double-labeling immunocytochemistry, only few TRH neurons in the PVN contained phosphoCREB (PCREB) in animals treated only with aCSF (4 +/- 0.2%) or with NPY followed by aCSF (9.7 +/- 2.5), whereas alpha-MSH-infused animals dramatically increased the percentage of TRH neurons containing PCREB (75.3 +/- 6.9%). Pretreatment with NPY before alpha-MSH infusion, however, significantly reduced the percentage of TRH neurons containing PCREB (40.8 +/- 3.5%) compared with alpha-MSH infused animals (P = 0.01). Only 12.2 +/- 0.9% of CRH neurons of the medial parvocellular neurons contained PCREB nuclei in vehicle-treated animals, whereas 30 min following NPY infusion, the number of CRH neurons containing PCREB increased dramatically to 88 +/- 2.9%. Whereas alpha-MSH infusion increased the percentage of CRH neurons that contained PCREB to 56 +/- 2.2% compared with control, animals pretreated with NPY further increased the number of CRH neurons colocalizing with PCREB to 87 +/- 2.5%. These data demonstrate a functional interaction between NPY and alpha-MSH in the regulation of proTRH neurons in the PVN, suggesting that NPY can antagonize alpha-MSH induced activation of the TRH gene by interfering with melanocortin signaling at the postreceptor level, preventing the phosphorylation of CREB. In contrast, NPY infusion increases the phosphorylation of CREB in CRH neurons, indicating that NPY has independent effects on discrete populations of neurons in the PVN, presumably mediated through different signaling mechanisms.